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Abstract

Mango ‘Aiko’ is a large-fruited and medium-late cultivar that has a stronger biennial-bearing nature than ‘Irwin’. In this study,
we applied the intentional alternate bearing method, which has been practiced in citrus cultivation, to mango ‘Aiko’ and exam-
ined its applicability. Two treatments, alternate branch unit bearing and whole-tree annual bearing, were set up and compared
with the control of the conventional method. Although there was no significant difference in the proportion of reproductive
shoots between the control and two treatments, the proportion of reproductive shoots on ON-trees or ON-branches was consis-
tently high. No significant difference was observed in yield between the control and treatments, while the mean fruit weight was
significantly lower in both treatments compared with control fruits. The percentage of small fruits was higher in both treatments.
With respect to work efficiency, it was shown that both alternate bearing methods could reduce the time required to prune a tree.
On the other hand, the expression level of the MiFT gene was shown to be related to the biennial-bearing nature of ‘Aiko’, sug-
gesting that it could be used to predict the number of flowers in the following season. Our results show that the intentional alter-
nate bearing method for mango ‘Aiko’ is an effective method to control the fluctuation of yield and reduce labor while maintain-

ing the same level of fruit quality and yield as the conventional method.
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Davenport (2007) & X % & v v I — DO IEBIIIER &
KF (florigenic promoter : FP) & SREH AT (vegetative
promoter : VP) D RN 5 v 22 X - CHIIE Tk D,
Nakagawa & (2012) (& ‘7 —v 4 v hHHEEELIcv v A
2 RXF D FLOWERING LOCUS T (FT) #{nFfDA+—>v n
7 THDHMFTH, v~ IT—DFPTHHI EHRELT
W%, MiFT DFEC 0 % FEHE KR X - THmnL,
IRV VI X o TR R B e E, o RIS
TERERAR L BIRAEH (Nakagawa B, 2012). F 7z, Hi
v — RV ICERATTOE D - 7B TR Ui &
TEFD MiFT DFHEME L 78 ) BEOTERE S K M
5T EwRL, BRAMC I D MFT 5B O 2 HE
FROFINTHS E LT 5 (Nakagawa B, 2012). 7 v
YavINVIEEWTY, MEFILRTBIERD CFT
FBIBIIIERR M7 0 I & A OB, BE OB &
WIEDHBAH % & L vl STy % (Nishikawa b,
2012). BRI, FTEETOFRBEEBFEOFLRME D
B 2R3 W41 7 A K (Zivd, 2014) A+ ) — 7
(Haberman &, 2017) &\ o iR chME I T
B. o T, KHAEFRETED X 510 R mic i e =%
DU B B B Tl MIFT O R ECEN R bR
HEEZDLNAHDN, ZHET~YY T—ITB W TALAEER
B & MiFT 78BlE b X OTERIFEAE R OB tR & 4 L 72 F 2t
X7gu.
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LI, BRI AEER AR L 7., X big, ZhA
FEERER BT 2 LB BT O Bl O 28 2 i &
L7z

MR LUHE

1. HEYMHE SURBEER
ALK = (R ARG ERET) © 7 4 4
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7o, BARCEFEBIEREERE R AT, v AR, L
TR LCHREC LD, 3FMER L CIEREOH LT
fTot. MEFoOREKSEBE X NATHLL2ATHET
6°C & L, FHLEEIL 1M e 1°C LR &%, BIEW
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Xk WA S 92 # 5% X (ABB : alternate branch unit
bearing), 5% O 45 EFKEEX (WAB : whole tree alternate
bearing) ¥ X OV H ORI 2 17 5 HITX (Cont. :
Control) D 3 AKX Z7%%E L7z, ABB & LT 108 %A\,
2016 4EAHEE R T o 6 A it 2 MBUR =R L
ST UEEER: (ON-branch) & KK (OFF-branch) % [fl
—B P30 1% L, ON-branch (3R 5 [\ 2 B fil
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branch 13 N TORFEZHHR L. KEEIL, 2016 F D
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COWTIRRHEETHR - . WABIL, RFERLN
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MR 2 CERKAOERE) @F OB ER LT 5 HTIX
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DFGEIE 2 FTHIE L, &REOFHEEHE L.
BR4EH5 5 D7 X 1%, Hoblyn-I (Hoblyn 5, 1936) D FFHR
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HAERART) 2> TIREML L <R L. REENR
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Table 1. The setup of the intentional alternate bearing treatment in this study.

Year
Bearing Method” Number of trees  Unit group
2017 2018 2019
A ON-branch OFF-branch ON-branch
ABB 10
B OFF-branch ON-branch OFF-branch
5 A ON-tree OFF-tree ON-tree
WAB
5 B OFF-tree ON-tree OFF-tree
Control 10 - - -

“ ABB: alternate branch unit bearing, WAB: whole-tree alternate bearing

) H O U CA LRI DFER & & o B A R L
foo Fho, CPHREE LREEOCBIL T, TR, ALTE NS
M, BINREMEZIERE T 55 NEE (R - 58,
1983) DG HT ATV, HFOFFLSD ic X 5 L&\l (f
fil, 2010) ZAT - 7.
5. B ATEEZERFHE
WTFROUIRKIZ BT H, BACIINERTHD 10
A FHICHT - 72. ABB %3 -X T ® ON-branch I 5\~ T
LTI WA E TR L AT % fT\, OFF-branch (%
BATEEITHD - 72, WAB Tl ON-tree D 3T DL
i b T\ i E TR L AE A ATV, OFF-tree iIZ
L AERITHIh o 72, Cont. I1AEER: & 7 bR A YR
LEATE L. FEIPELFER L ATV IS &
R ATBIL DD B IR Z G L e, B AEEEDIEF
%, ABB, WAB, Cont. D124 - 7=, o hic &
BAERRIC DT, AU EAER AR &3 5 55 &
f7\>, Tukey HSD IZ X » CALEL[RIZE D L E L & 1T - 7.
72%, WABIT %\ T OFF-tree (3 M8 A GE & 75 % D T,
DE TR AEZAT > 72 SOl fuv7e.
6. MIFTB{ZFDORBRAE

20164E9 A, 12 A, 201741 A, 2 A c BUHE K IT R
HENEFROBOALER I DY —7 5 1 2 27 % 10 Bk
L, RNAHIH O 7 b L. V=754 22711,
5mL @ RNAlater-like buffer (De Wit 5, 2012) 12 4°C T
—WRR B Lo, —20°C O W ERE THERAE L 7. Total
RNAY, V—77 1 A7 R REERPCTHASEHTH
#1724, NucleoSpin RNA Plant (= v N5 A « F— 4L
) AT L7
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WA v 22— v —2 =82 X 5 ) 7 L&A 2APCR

Bk v iT->7. A L7 cDNA UL ### & L, TB
Green Premix Ex Taq 11 10puL, 7 7 A <— (10uM) £ 0.8 uL,
ROX reference Dye 0.4 uL, JEE/K 7L & g4 L7220 ul @
KOG % # ¥ L, ABIPRISM 7300 Real Time PCR system
(F—F7 4 v v r—VATVFT o742 8)) cXsb
V7 v & A APCR%EAT - fo. MiFT# 5T O FB &
Elongation factor 38 {n ¥ (MIEF 8 {nT) x4 % Hxf 75,
wELTRDI. MiFTH X O MiEF @5 ORHBHA 7 7
4 < —I¥ Nakagawa b (2012) O 7 7 1 v =%\~ 7.
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7 — 2 fR H1 12 1% R (R Development Core Team. 2019,
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I s\~ T Type NS R % 3R D % 5355 Wik car 7% v & —
2% I\, option % (constant=c (“contr.sum”, “

& LTI L7

contr.sum”))

1. TEFER4ER

BRI Fs 1 B IEREFE A F1E, ABB TILHTFE 2 b K
$ U7z ON-branch Dix & A EDEREE 720, BIEICERA
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Table 2. Differences in the proportion of reproductive shoots (%)
among the treatments.

Bearing Proportion of reproductive shoot (%)
Year

Method A? B Mean?
2017 84.6 18.2 604+ 4.7*

ABB 2018 159 83.7 53.9+ 5.0
2019 97.9 7.0 553+ 5.0
2017 98.7 23.0 60.9+13.1

WAB 2018 0.0 98.1 49.1+16.4
2019 98.8 33 51.0£15.9
2017 - - 485+ 5.9

Control 2018 - - 70.7+ 6.6
2019 - - 42.0+ 8.3

# Unit group shown in Table 1.

YMean+ S.E. (n=10)

*Mean value for ABB was calculated as an average of the
proportion in each individual tree.

Table 3. Effect of the bearing method on the number of fruits, fruit
weight, and Brix.

Bearing Number of  Fruit weight Brix
method” fruits (g) ©)
ABB 264 560.2 a¥ 17.0
WAB 224 532.6 a 16.6
2017 Cont. 166 6348 b 17.2
ANOVA* NS o NS
ABB 246 560.1 b 16.5
WAB 249 486.3 a 16.0
2018 Cont. 257 601.0 b 16.7
ANOVA NS *E NS
ABB 424 5732 a 16.0
WAB 351 5544 a 15.7
2019
Cont. 272 6734 b 16.1
ANOVA NS ** NS

* Same as in Table 1.

Y Means labeled with different letters are significantly different
(Tukey’s test) in each experimental year.

X #%: significant at P <0.01, NS: non-significant.
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Fig. 1. Cumulative yield for three experimental years in each
treatment.
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iz m LT,
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INFELS D A ETEER I, ABBIC I\ T, (2R
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feDEx L, Cont. TWXI191H (3.247) &7a b Yolrir W E
ER O RE N RS iz, WABIL 1628 (2.74) T

Table 4. Differences in the mean yield per tree and alternate bearing index (ABI) among the treatments.

Yield/tree (kg)
Bearing method” Number of tree ABIY
2017 2018 2019
ABB 10 14.8+1.3 13.9+1.2 243+1.8 0.23 a*
WAB-A 5 239+1.2 0.0 38.9+2.8 1.0 b
WAB-B 5 0.0 243+2.7 0.0
Cont. 10 105+1.4 154+12 18.3+£2.7 0.26 a

* WAB-A(ON-OFF-ON), WAB-B(OFF-ON-OFF). Same as in Table 1.

YABI= Y XX, X+ X, ) (- 1)

* Means labeled with different letters are significantly different by Tukey’s test at P <0.05 (n=10).
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Fig. 2. Proportion of the number of fruits in each fruit size grade.
See Table 1 for each treatment. Chi-squared test was
performed to evaluate the difference of the distribution of
fruit size. **: significant at P <0.01.

Table 5. Effect of the bearing method on time to prune a tree.
The numbers represent the three-year mean of the time taken
to prune a tree in each treatment.

Bearing Method” Time (sec)
ABB 99.6 b*
WAB 162.1 a

Control 1919 a
ANOVAY
Treatment (T) *ok
Year (Y) *ok
TxY NS

“ Same as in Table 1.

Y *%*: significant at P <0.01, NS: non-significant.

* Means labeled with different letters are significantly different by
Tukey’s test.

04 |

a =O0—Cont. =O~ABB

—~WAB-A —a—~WAB-B

03

02

Relative expression level of MiFT

Sep. 2016 Dec. 2016 Jan. 2017 Feb. 2017

B, 1EYS72) O AERH T Cont. & DFICHE /e
FEIXR SNk - 722Y, WAB Tl OFF-tree (3T HETTE & 7
%5728, ON-tree & OFF-tree % & -l 472 ) DR A
FERFEIE Cont. X D 27 D HfE I 5 & AED bk,

4. MiFT BIFORBAE

2016~ 17 4F-® WAB IZ %1 % ON-tree CI K E B I
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e EmWREEL/R L. 2 DF it ABB ® ON-branch
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branch ® MiFT 53813 Cont. & X TEW S DD 12 A
1AL T\, —7, ABB ® OFF-branch
£ WAB ® OFF-tree TIX I OIMTA BRIz -7 B
LofERE X0, “FHD 1\ T Cont. ® MiFT RBLE L4
WX - CTEBT 52 &, F7, WAB D ON-tree TIEFE
BlEmnm <, OFF-tree THEFEB OO b ivigunsZ &
RE NI, EBICABB TlRFEM & ic MiFT S8 208 H
WMERTWBZ EINREBI T

z =B

Vv vay 30 v ORFEERECOWTE, £DRED
FRATCB L OB E K b D BN TED, %< D
BURDERE I TV 5 OKJE « /i, 2000; K3H, 1963;
KIED, 1968). —7F, =v I—cE\Tit, EHNOFHE
METHD T—v 4 BEREEREOTCETH D
(Dambreville, 2014), HADERIC#E L T\ & &0 b,
IhE CREMSEESAKRE BB S 2 Eikieh - T
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Fig. 3. Seasonal change in the expression level of MiFT in mango leaves. a: 2016—17 season. b: 2017-18 season. In 2017-18 season, samples
from each unit group (A and B) of ABB trees were separately collected, while both of the units were mixed in 201617 season. The
relative gene expression levels were analyzed by SYBR-Green real-time quantitative PCR and normalized against the expression level

of MiEF. Data are expressed as means + SE (n=5 or 10).
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LasL, 5 ClkbmiEss R o mfl b s h Tk
D, FORKLMWF I T % (Chacko B, 1982; Singh
5, 2007). vV ia w3 v ORERLREEREEE LR
ERERERTE L, DI, BREIV N ERENKE S
I EDL HERMN iAoy v a3 h vk
ODIEHEAIh T2 (FH - BA, 2002; S1E 5, 2004).
DX S TeifET, BRTEARDMEERNEC X 0 BFRE
L7cREMES N5 LRI, 8 AEFESHBEFENY
T I, BEEEE N 1 RO RFEEENTRE L T B
BT 5, 2010). AR CH W~ v T — “FC 1k
T g T EHATRRERS R E 2R < (O, 2011 &
Ko, HRIF), KETHD 700g bl Bicie s R EL %<
I D, KERRFISME TR ISh b0, KETE
HRETILEBHN NG T ) MK T+ 5. 20X
5 IR D AL IR\ T, R TE o i Y e
K& X DRFEALRENNCATET 5 10 DI FRTAC B K5 FHRE
ENETH D EH 2, AW EHL 1.

UV av i VLR AREREFEEE L T, IR
FICRAE LA REE Tl T2 LT, £ 0NA
EDDEE S, BOBRRcE2OR5C Lick hEHE
NELIeh EFE2DN TS (BEE, 2002).
T =7 4 BT BHADIT T v 7 v BN MiFT %
BER OB ERCHEE ST, L RESI T 5
(Nakagawa b, 2012). K321 B\~ C, TEFEFAERIT
Cont. THERIC X HEENKRE Do leDICF L, WAL
FEHET XTI X 2R O IERIFEE 2 1% Cont. & B R Te %
LA BTy - 725y, ON-branch ¥ X OV ON-tree O {E R ¥
ARIZEL TEL, BETXTOE»LIERINRAE L
(F25K). v vvav I veBEWT, KHAEEREEEY
179 59 2 ClIB 2 MR 2 2 ENHEETHY, YD
RLUBAEZIT > ThHFHEBENLD I L5 TeBBET
BhicizB A+ _EclhovdhTuws (D, 2003).
FRD X T — v g ) BN <, R
BERAMENTIBRICY DR LBAERT->Th, BFE
GERE) BT L CREL, $hroFifbcsks
T AR ERLLBEL TE o702 0D, KHAEER
ke LicimfTh b LaVRE N

Cont. IZ 351 HIEFFRARD D 2017 4 & 2019 4ENFAE,
2018 ENEFETH - 7 LM S N5 2, Cont. DILFEF X
OMBURE SR SE 0L 3 A IS 1 & b WARE 7o bR fEfd IR 2 7R
Jiote GF33). Shid, HulrEBRicg L
7o, BIREARE ORI 5 B O BN AR H b T
DRERZ EEl->7e ERNRHERTH S EE2 b, 34
IO E O A FHE ABB Tt b % < 72 b, WAB % Cont. &
Ehbighotol b, B Bhokl U A kS EREE %
152 & T, Cont. &RIFEE D ZHLL LD RO
AD D ERBEI NI SHEbME L CGRAL, BRMEL
BOROAERBELE ORI > THRE T 5 TET
B 5.

< v a—

R Cli—ie, FREOBER CTHIUIKEEE N L\
BERFINEI LS B EDIMBLNT VS, vV vay
h v DR HEREERBE TSRS TY, 1M ) BEEN
Cont. & N THEIZS\ s WAB TILFHREEEMNEL to
JoDIZR L, Cont. & HEFEMNh - 72 ABB TILFHRE
2 Cont. X ML Inotc b DOFEIRAERIRD S
nishrote CEH - A, 2002). APFFEIC I\ T FEE
w2, A7 0 RER AL WAB TLE g R EE AR L
h, PNIWEEOEGHE L ot WS EE 2 B &
600~700g FEE DRI R L S EHETHZ E0NEE LKL,
Z DL Cont. DR &2 B, RHAEFEFEEE T
FOTH B A RBICHET L2 L THI ADKRE VR
KT 2 LN TH S EB LN S, PSR
b3 % 1= DY) I E R BIISEBT T 2 LEN D 5.

AKWFZEC R\ T, ABB Tl Cont. I~ B IC fEZE R R
NI . Fi, WABTH 1KY 7c » o FERRI
Cont. L HEZIIRA LN o 72d DD, OFF-tree TlIHA
TENARE & 72 B lc b RO EERF LM T2 & LT
B, Fio, KHEFEREE TR, BB CRATERLT
51D ETHMHEICI TS S ENTE LT D, vV
vawid v iy Ttk ThHIEEDE e
B ThDHEEz LN, AT, BATEREHDOHD
PETH o720, FERLUHE 7 8B 5 (RN 2 5 4
T5 LT, RHEEFEREC KT B IEELORRM: 2 W]
T H2REND S LB 5.

WL ODh vEYHTIE, HEREBIC X - TCGFTEIR
FOFRBENELRT AL, TihbbERENS - LKL
FO CFTORB NI S W BEOHIEN Db &
LIRS E T % (Mufioz-Fambuena 5, 2011; Nishikawa
B, 2012; Shalom b, 2012). v I— ‘7 —v 41 v %
WThEBERATIC LD MIFT ORI MH IS 2 LR
IRTkH (Nakagawa &, 2012), KFFFEIZIR T B
TLABEOHENE O CD XS RERAMIC LS
FTHEBFORBIEI DO 4 = X 23 W Bt i - T
WA, FRERERORAEA D 5 2 THREREIT /D &
Ezbh, SHEOMAENIIFEI NS, Cont. © MiFT FH
WO TERE2FEATRE SR T iedy, S HULETR
L7 X 912 Cont. TIX20174ENEFIC, 2018 FENEFIC
BlbEEZOND LD, MFTHRBEEIRER M
B LTCEHTHEE2zDRI. SO, vvva
v IN VY TCTHEIRTWS L5 FTHEET OB ECHK
DBy — X v OBEE T (Nishikawa &, 2017) 23~
VAR WTHAETH DL ERRBLTNDLD, FD
X5 T F WA AT 5 7o ob 1 Uk A ) 25 52 S0 I 8 R[] &
MiFT 3 BLEE N O Bt 70 & % FE st 3 2 L E s
»H5H. Tz, ABBIZoWT, 14 H 2 ON-branch & OFF-
branch % X Jl T v 7Y v 7 Uiz tc DI B D MiFT
RUBN P I NI EE 2 BN DD, 24 HIZIX ON-
branch & OFF-branch Z# il i v 7V v 745 2 L T
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BORHBEOER AWM THZENTE, v v I—0D
T B4 % Davenport (2007) DK Tl VP O #5028
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branch T MiFT J6H &80 5 2 & 235 VP/EP R 5 v A%
Bl s v 2aEEsvR S i, ThE ot
e MiIFTHFP & L CTHEBE L T\ % & &g iZEhE W
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Wk h VPR FP OHIBEIRT 72 BT 1M B bh 5
LRI %,

EHPE~ v T — OB IL 2011 4D 454.0ha & & — 7
IR 2 i LT % (BRAROKEE, 2020). SHofkx
B E = — Xz b “FED 0 X 5 s
WAL O EFEE A 7R 81 X B #E RO LML E F R
T b CRA - K0, 2003). 5 fK&Z i Ui n] e 7 1F
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0 WD L, EOERMEERRE L. s AEEAI
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